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Transcription factor Bach1 interacts with the mitosis 
associated proteins to regulate the mitotic chromosome 
alignment and spindle orientation.  
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Bach1 is a transcriptional repressor which modulates several critical transcriptional 
responses, such as the expression of the HO-1 gene in response to oxidative stress and the 
differentiation stage-specific expression of β-globin genes in erythroid cells. To further 
understand its function, I depleted BACH1 in HeLa cells and examined the effect upon cell 
cycle. Upon BACH1 depletion, mitotic chromosomes became unstable, including a 
misalignment of mitotic chromosomes, a thicker mitotic chromosomes plate, collapsed ring-like 
shape in the presence of Eg5 inhibitor monastrol, and oscillating chromosome axis. 
Bach1-deficinet mouse embryonic fibroblast also showed the collapsed ring-like shape of mitotic 
chromosomes under the monastrol condition. These defects in HeLa cells were efficiently 
rescued by not only wild-type mouse Bach1 but also its derivatives lacking the DNA binding 
domain, suggesting that the function of Bach1 in mitosis involved a transcription-independent 
mechanism. Furthermore, Bach1 derivatives lacking the C-terminal NES/CLS failed to rescue 
the mitotic defects in BACH1-depleted HeLa cells, thus suggesting the involvement of the 
interaction between Bach1 and the nuclear exporter Crm1 in this process.  
Control of the spindle position and orientation is important for cell division. Most 
adherent cells symmetrically divide parallel to the adherent surface. Disordered localization or 
deregulation of the spindle assemblies is known to result in an abnormal spindle rotation and 
developmental defects. Asymmetric distribution of cortical dynein defines the proper spindle 
axis. Many microtubule-associated proteins such as IHABP, CHICA and NuMA interact with 
dynein to regulate its asymmetric distribution as well as the spindle direction. Previous studies 
using a yeast two hybrid screening have shown that IHABP interacts with Bach1. Therefore, I 
hypothesized that the observed alterations in the mitotic chromosomes upon BACH1 depletion 
might reflect a misdirection of spindle. By purifying exogenous, epitope-tagged mouse Bach1 
from mitotic HeLa cells, I found that Bach1 interacted with IHABP during mitosis. Mass 
spectrometry analysis revealed that Bach1 was phosphorylated in mitotic phase. To examine 
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the possible rotation of spindle axis, I measured the rotation angles of spindles by staining of 
the centrosomes marker γ-tubulin. The mitotic spindle rotated within 25° of the X-Y plane of 
the coverglass in control cells. However, in the BACH1-depleted cells, the angles rotated up to 
60° of the X-Y plane, suggesting that Bach1 may function in the regulation of spindle 
orientation. Deletion of the region between bZip and CLS of Bach1 (named as dIBD) abolished 
its co-immunoprecipitation with IHABP, suggesting that this region is necessary for binding to 
IHABP. Bach1 efficiently rescued the abnormal mitotic spindle position caused by BACH1 
depletion in HeLa cells whereas Bach1_dIBD failed to do so. Therefore, these results suggest 
that Bach1 interacts with IHABP to regulate the spindle orientation. Although Bach2 possesses 
structures and domains similar to Bach1, Bach2 was not co-precipitated with IHABP, implying 
that Bach2 might not participant in controlling the mitotic spindle orientation. Together, the 
results of this study demonstrated that Bach1 was phosphorylated during mitosis and 
interacted with IHABP to regulate the spindle orientation. Unriddle the relevance of the 
mitotic phosphorylation and the IHABP interaction of Bach1 will help us to understand the 
new function of Bach1 in the regulation of the mitotic spindle orientation in cell differentiation, 
development and diseases such as cancer. 
 
 
391

